Hyperon non-leptonic weak decay amplitudes are studied in the chiral perturbation theory. The weak interaction vertices caused by the four quark operators are substituted by the products of the hadronic currents and by the phenomenologically introduced weak Hamiltonian of hadron operators. Our study suggests the improvement of the theoretical prediction for the weak decay amplitudes.
Introduction
The chiral perturbation theory is applied to many hadron phenomena, and succeed to reproduce the experimental data. This theory is applied to the analysis of hyperon non-leptonic weak decays. But this theory cannot reproduce the experimental data [1, 2] . In the previous paper [3] , we use the chiral perturbation theory as the non-perturbative QCD correction for the weak interaction. The quark four point vertices are substituted by the product of the hadron currents which is derived by the chiral perturbation theory. We can reproduce the suppression of the ∆I = 3/2 amplitudes. But this method cannot reproduce the ∆I = 1/2 amplitudes. It suggests that the product of the hadron currents cannot reproduce all the four point vertices of the quark operators. In this study, we construct the effective weak Hamiltonian which cannot be represented by the product of the hadron currents, and consider the role of the effective Hamiltonian.
This paper is organized as follows. In section 2 we construct the effective weak Hamiltonian. Section 3 presents the numerical analysis and discussion on the hyperon non-leptonic weak decay amplitudes. Section 4 concludes the paper with the comment on the effective weak Hamiltonian using the chiral perturbation theory.
The effective weak Hamiltonian

The current-current interaction
In order to apply the standard theory to the hyperon non-leptonic weak decay, the momentum transfer scale of the weak interaction vertex is changed with the renormalization group method. This method constructs the effective weak Hamiltonian including the perturbative QCD correction to the weak interaction [4, 5] . This Hamiltonian is represented by the four point vertices of the quark operator.
Applying the four quark vertex to the hyperon non-leptonic weak decay, we can derive two types of the diagrams, which are shown in Fig. 2.1 . In order to derive the effective weak Hamiltonian with the chiral perturbation theory, the quark lines, which have color index, are substituted by the hadron operators which are color singlet. The diagram in Fig. 2 .1(a) can be substituted by the product of the hadron currents, but the diagram in Fig. 2 .1(b) cannot be represented by it. For the construction of the effective weak Hamiltonian of the diagram in Fig. 2 .1(b), we introduce the two ansatz.
1. Applying Fierz transformation to the diagrams in Fig. 2 .1, the diagram (b) is changed to the product of the color singlet quark currents. And this product is substituted by the product of the hadron currents.
2. For the residual effect of the ansatz 1, we introduce the phenomenological effective weak Hamiltonian which has parameters.
In the following, the effective weak Hamiltonian described by the product of the hadron currents is called as the current-current interaction, and the effective weak Hamiltonian derived by the ansatz 2 is called as the internal interaction. Using the above ansatz and the heavy baryon formalism of the chiral perturbation theory, the effective weak Hamiltonian is given by
2) 
The flavor changing operator h ij is given by
In the following, we consider the effective weak Hamiltonian for the internal interaction.
Internal interaction
The diagram in Fig. 2 .1(b) suggests that the interaction is described by the two point baryon vertex. And it has the operator changing the flavor s −→ d for the |∆S| = 1 weak decay. Therefor the effective weak Hamiltonian of the internal interaction is the extension of the two point baryon vertex. And this Hamiltonian has the flavor changing operator h 23 between the baryon operators. If the internal interaction Hamiltonian depends on the meson momentum, the lowest order of the weak vertex becomes the three point vertex constructed by the one meson and two baryon operators. We adopt only the momentum independent form for the internal interaction Hamiltonian in this study. The momentum dependent weak Hamiltonian is included in the current-current interaction.
The quark level effective weak Hamiltonian has six type operators, O 1 , · · · , O 6 . If the internal interaction is considered outside the baryon, we can observe only the net flavor changing process d s and we cannot distinguish six operators. The internal interaction Hamiltonian, therefore, is described by the summation of the six operators. It is known that the weak interaction has only V − A type symmetry [6] . This symmetry is represented by the transformation symmetry of the operator h 23 . But in our method, Fierz transformation is applied to the quark level effective Hamiltonian, and the Hamiltonian includes the (S ± iP ) symmetry mixing in operator O 52 , O 53 , O 61 and O 62 in eq.(2.1). Hence we consider the three types of the internal interaction Hamiltonian for the comparison. These Hamiltonians are given by has the symmetry mixing (S ± iP ) for the operator h 23 . The number of parameters in this Hamiltonian is ten. In the following, using the effective weak Hamiltonian (2.1) and the strong interaction Lagrangian (1) in Appendix, we calculate hyperon non-leptonic weak decay amplitudes derived from the tree diagrams and the one-loop diagrams.
Result and Discussion
Numerical analysis
Ordinary non-leptonic weak decay amplitudes are represented by
But the heavy baryon formalism of the chiral perturbation theory has the following expression
Hence we use the transformation equations
and express the amplitudes in the ordinary form, which are also used in ref. [3] . The amplitudes are calculated in the tree level and the chiral logarithmic correction of the one-loop level with constants in Table 3 .1. The computational method is the same as in ref. [3] . The parameters in the effective Hamiltonian are fitted by the experimental data and we can obtain hyperon weak decay amplitudes. In the experimental data, the number of independent data is eight. After the calculation of the diagrams, the current-current interaction Hamiltonian H |∆S|=1 current has unknown parameters which are a 1 , a 2 , a 3 and c 1 , and the numbers of unknown parameters in the internal interaction Hamiltonians H The parameter a 1 and a 2 that appear in the scalar current are determined as a 1 = 29.1/m s and a 2 = −94.8/m s , where m s is the strange quark mass. They are derived from the baryon mass difference with the chiral perturbation theory [7] . Therefor the effective weak Hamiltonian H has 9 unknown parameters and it is impossible to fix them exactly. In the following we take two steps to fix unknown parameters. First, introducing the assumption h M P = 0.0, the remaining 8 parameters are fitted by the experimental data. Next, the parameter h M P is fitted with 8 experimental data. It is not sure that this method gives the best fitted value for the decay amplitudes. In this study, our aim is not to obtain the exact value of the decay amplitudes, but is to obtain the parameter dependence of the amplitudes and the characteristic of the effective weak Hamiltonian.
After the parameter fitting, the obtained amplitudes and parameters are shown in Table 3.1  and Table 3 .2, respectively. In these tables, the amplitudes H Table 3 .6 and 3.8. And the chiral logarithmic corrections caused by each operator are shown in Table 3 .7 and 3.9.
Discussion
It is known that the chiral perturbation theory cannot reproduce the experimental data of hyperon non-leptonic weak decay amplitudes [2] . The effective weak Hamiltonians in the previous study include the momentum independent baryon vertices, which correspond to the internal interaction Hamiltonian H V −A int in our analysis, and the momentum dependent meson weak vertices. Considering the products of the quark currents for the weak interaction, our effective Hamiltonian includes the momentum dependent baryon vertices and the effective Hamiltonian which depend on the scalar and pseudo-scalar currents. Our effective weak Hamiltonian is, therefore, the extension of the weak Hamiltonian in ref. [2] . Newly introduced terms have the same form as in ref. [8] . But our method have the constraints between the unknown parameters since we use the Noether currents to construct the effective weak Hamiltonian. In this paper we analyze the amplitudes caused by the internal interaction H V −A int and H S±iP int since they reproduce the experimental data quite well. The amplitudes derived by both Hamiltonians have the following characteristics.
1. It is large that the contribution of the chiral logarithmic correction in the one-loop graphs, which is shown in Table 3 .4 and 3.5.
2. In the P-wave amplitudes, there are large cancelations between the amplitudes caused by the octet and the decuplet weak vertices in the logarithmic corrections. , which are shown in Table 3 .7 and 3.9.
Our analysis suggests that the large cancelation improve the theoretical prediction of the decay amplitudes. And it is important to consider the effective weak Hamiltonian caused by the scalar and the pseudo-scalar currents.
Using the coupling constants a 1 and a 2 which derived by the baryon mass difference in the chiral perturbation theory, it is difficult to reproduce the experimental data with the internal Table 3 .2. If the constants a 1 and a 2 are considered as unknown parameters and fitted by the experimentally obtained hyperon decay amplitudes, the parameter a 2 becomes more than zero, which are shown in Table 3 .3, and it contradicts the calculation of the baryon masses. In order to adopt the effective weak Hamiltonian
for the hyperon weak decay, we have to consider the derivation of the parameters a 1 and a 2 .
Conclusion
Hyperon non-leptonic weak decays are analyzed with the chiral perturbation theory. For the weak interaction which happens inside the hyperon and cannot be described by the products of the hadronic currents, we introduce three types of the phenomenological weak Hamiltonian. One includes only the two point vertex of the baryon operators, and another includes V −A type weak interaction and the other includes S ±iP type weak interaction. Our analysis suggests that the V − A and the S ± iP type Hamiltonian can reproduce the experimental data fairly well. We can get the outlook that hyperon non-leptonic weak decay amplitudes can be represented by the chiral perturbation theory. But there remains the following three questions.
1. S ± iP type Hamiltonian looks like exceed the framework of the standard theory.
How does it realize the S ± iP symmetry mixing in the weak interaction?
2. In the V − A type Hamiltonian, the coupling constants a 1 and a 2 have the same sign, which contradict the sign derived by the baryon mass. What cause such a contradiction? How can we get the exact values of a 1 and a 2 ?
3. We use the constants in ref. [3] for the numerical analysis. There is an ambiguity in the quark condensation value B 0 . In order to reproduce the experimental data exactly, the B 0 value has to be decided.
Appendix. The Strong Interaction Lagrangian
The strong interaction Lagrangian in the heavy baryon formalism in the chiral perturbation theory is given by [9, 10] 
where A µ , V µ and D µ are represented by Table 3 .1 Hadron masses and coupling constants used in the numerical analysis of the hyperon decay amplitudes. m, M and f π correspond to the baryon mass, the meson mass and pion decay constant, respectively. Phenomenological coupling constants D, F and H are taken from ref. [9, 10] . The renormalized coupling constants L 4 and L 5 are taken from ref. [11] , where the renormalization scale 4πµ 2 = 1.0 × 10 6 [MeV 2 ] is used. The constant B 0 corresponds to the quark condensation value which is changed for the hyperon decay amplitudes [3] . 
